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[57] | ABSTRACT

A wide band proportional transducer array including a
plurality of active acoustic elements. The elements are
concentrically mounted to form a conical array. A pro-
portionality constant kX is selected to be such that a
nearly constant composite array impedence is achieved.
The proportionality constant relates to the ratio of the
resonant frequencies of adjacent elements and inversely
as the ratio to their physical sizes. Another embodiment

employs a pair of conical arrays which results in a toroi-
dal beam. :

2 Claims, 4 Drawing Figures
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WIDE BAND PROPORTIONAL TRANSDUCER
- ARRAY

This 1s a continuation of application Ser. No. 501,918
filed Aug. 29, 1974, now abandoned. |

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a transducer array
and more particularly to a wide band proportional
transducer array. |

2. Description of the Prior Art

Prior wide band transducer array systems have em-
ployed separate arrays wherein each array required a
cemplicated switching network to achieve operation
over a wide range of frequencies. The present invention
overcomes this difficulty by providing an array that
operates over a wide frequency range without causing a
complicated switching network.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises a wide band
proportional transducer array including a plurality of
active acoustic elements. The elements are concentri-
cally mounted to form a conical array. A proportionally
constant £ i1s selected to be such that a nearly constant
composite array impedance is achieved. The propor-
tionality constant relates to the ratio of the resonant
frequencies of adjacent elements and inversely as the
ratio to their physical sizes. Another embodiment em-

ploys a pair of conical arrays which results in a toroidal
beam.

STATEMENT OF THE OBJECTS OF THE
INVENTION |

An object of the present invention is to provide a
wide band transducer array;

Another object of the present invention is to provide
a transducer array that does not require mechanical
switching;

Still another object of the present invention is to
provide a transducer array that has a relatively constant
composite impedence over its frequency range;

Other objects, advantages and novel features of the
present invention will become apparent from the fol-
lowing detailed description of the invention when con-
sidered in conjunction with the accompanying draw-
ings wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a simple cone trans-
ducer array embodiment of the present invention;

FIG. 2 1s a schematic diagram of a two cone trans-
ducer array embodiment of the present invention;

FI1G. 3 1s an electrical diagram showing the operation
of the embodiments of FIGS. 1 and 2; and

FIG. 4 is a group of curves showing the operation of
the embodiments of FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED
'EMBODIMENT

In FIG. 1 is schematically illustrated one embodiment
of the present invention. This embodiment includes a
single cone array 11 comprising a plurality of active
electro-acoustic transducer elements 13 through 27
which may be piezoelectric elements, for example. In
FIG. 2 1s illustrated another embodiment of the present
invention wherein a two cone array 31 is employed.
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This array 31 has the elements arrayed in two cones, 33
and 35, that are similar to each other and to the array 11
of FIG. 1. The FIG. 2 array 31 has a physical spacer 37
connecting and physically spacing the two cones 33 and
35 apart. Physical baffles 39 and 41 are respectively
connected to the exterior surface of the outer elements
of each of the cones 33 and 35. The function of the
baffles is to suppress the unwanted side lobes, shown in
dotted lines, and allow formation of the toroidal beam
43.. S

The following description will be primarily with
respect to the FIG. 1 embodiment but will also be appli-
cable to the FIG. 2 embodiment. The elements 13
through 27 are rings having thickness f; through #,
diameters d; through dgand heights 4, through #3. More-
over, the elements 13 through 27 have resonant frequen-
cies of f, through f;, respectively. One of the unique
aspects of the present invention is the selection of a
proportionality constant & to be such that a nearly con-
stant composite array impedence is achieved. The pro-
portionality constant Xk relates to the ratio of the reso-
nant frequencies of adjacent elements and inversely as
the ratio of their physical sizes. Referring to FIG. 1,
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The proportionality constant & is selected to mini-
mize the impedence variation at the crossover frequen-
cies of adjacent elements and to minimize the number of
required elements. It is desirable to select the same
proportionality factor between all adjacent elements to
maintain a constant impedence, a constant transmitting
sensitivity, and a uniform beam pattern over the se-
lected frequency range. The lower limit of & is deter-
mined by the acceptable number of array elements and
the upper limit is determined by the maximum allow-
able composite impedence vartation.

In FIG. 3 is illustrated an electrical diagram of the
FIG. 1 array. The elements 13 through 27 of this array
are tuned in series by inductors 45 through 39 wherein
these tuned elements are connected in parrallel to a
common bus. The bus may be connected to a receiver
or transmitter. When the elements are connected as
shown in FIG. 3 they will have individual tuned imped-
ences as shown by the dotted line curves of FIG. 4.
Moreover, the composite impedence of all of the tuned
elements will be as illustrated by the solid line curve of
FIG. 4. In FIG. 4 the impedence f, represents the indi-
vidual tuned network impedence at resonance and the
crossarm impedence f,has a maximum that is dependent
upon the maximum allowable composite impedence
which is determined by the selection of the proportion-
ality constant k. It has been found that k£ having a value
of about 3V2 or about 1.26 results in an effective array
having about eight elements and a substantially constant
composite impedence over a 5 to 1 frequency range.
This range is highly compatible with most sonar apphi-
cations.

Referring to FIGS. 1 through 4, it should by noted
that at any given frequency of operation that primarily
only one or two of the array elements will be operating.
For example, at the frequency f; of FIG. 4 only element
19 will be operating. However, at a frequency between
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faand fs, then elements 19 and 21 will be simultaneously
operating. | |

It should be noted that the individual array elements

may be tuned in parallel and connected in series to
obtain a similar composite impedence and operation.

This could be done if it 1s desired to increase the

impedence of the array. |

It should be understood that the above described

configuration is generally desirable; however, it will be 10
understood by those skilled in the art that certain devia-
tions may be made. For example, all of the elements
may be placed in essentially a common plane or posi-
tioned in spaced apart relationships. Also, the above
described invention may be applied to non-cylindrical
elements. |

It will be understood by those skilled in the art that an

array may be made in accordance with the present
invention wherein there may be some variation in the 20
proportionality constants between adjacent elements of
an array. However, in principle it is generally preferable
to maintain the proportionality constant the same.

What is claimed is:

1. A transducer array comprising:

(a) at least three transducer elements;

(b) each of said elements having a discrete resonant
frequency that is different from the discrete reso-
nant frequency of any other of said transducer 30
elements:
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(c) said elements being arranged so that the ratio of
the resonant frequencies of adjacent elements is

substantially constant;

(d) a passive electrical network operatively con-

nected to said transducer elements to provide the
electrical drive voltages and currents to each of
said transducer elements for operating predeter-
mined elements at their resonant frequencies over
said band width;

(e) said ratio is selected to have a predetermined
value of about 1.26 such that the composite imped-
ence of said array is about constant over its entire
band width;

(f) said elements are arranged to form at least one
cone wherein said elements of said at least one cone
are of progressively decreasing size and progres-
sively increasing frequency;

(g) the ratto of the heights, diameters and thicknesses
of adjacent elements are substantially constant;
(h) the ratio of said frequencies is about inversely
proportional to the ratios of said heights, diameters

‘and thicknesses; and

(i) said transducer array is for operating only as a
receiver or only as a transmitter at any instant of
time.

2. The array of claim 1 wherein:

(a) said array has a first cone of a plurality of elements
and a second cone of a plurality of elements; and

(b) the small ends of said first and second cones being

spaced apart and adjacent.
¥ % % %k X



	Front Page
	Drawings
	Specification
	Claims

